A technique was developed to obtain enriched populations of large numbers of primary spermatacytes (70\p=n-\81%) and of spermatids (75%) from immature rat testes (21\p=n-\23and 38 days old respectively) in a simple and rapid fashion. The cells were nearly all viable and membrane preservation was good. The testicular cells were dispersed by a mild mechanical treatment combined with an incubation with purified collagenase, and the cell populations were separated by centrifugation in a discontinuous dextran gradient in a cell culture medium.
Introduction
The metabolic pattern of the rat testis has been shown to change markedly throughout maturation, e.g. when spermatocytes are converted into spermatids (Tepperman & Tepperman, 1950;  Bishop, 1969; Free, 1970; Delhumeau-Ongay, Trejo-Bayona & Lara-Vivas, 1973) . To be able to study the metabolic changes occurring at these two distinct periods of maturation it seemed important to devise a technique to separate and enrich populations of spermatocytes and spermatids.
The chronological appearance of the different germinal cell types in the immature rat testis has been extensively studied (Clermont & Peery, 1957 ; Davis & Schuetz, 1975) . At 23 days of age the tubules include most types of primary spermatocytes, while at 38 days of age spermiogenesis has reached stage 14 (Clermont, 1972) . Rat testes at these two ages should therefore be very useful as the starting material for producing enriched populations of spermatocytes and spermatids respectively.
Several procedures for the separation of animal cells (Shortman, 1972) have been used for testicular tissue from various species. For example, velocity sedimentation at unit gravity for several hours in continuous gradients of albumin or ficoll has been used to obtain different germinal cell types from adult (Lam, Furrer & Bruce, 1970; Go, Vernon & Fritz, 1971 ; Meistrich, 1972 ; Meistrich, Bruce & Clermont, 1973; Romrell, Bellvé & Fawcett, 1976) and immature (Meistrich, 1972; Davis &Schuetz, 1975; Bellvé etal, 1977a) rodents, and velocity sedimentation in isokinetic gradients of ficoll (Pretlow, Scalise & Weir, 1974) , equilibrium density centrifugation in continuous renografin gradients (Meistrich & Trostle, 1975) , centrifugal elutriation in buffered albumin (Grabske, Lake, Gledhill & Meistrich, 1975) 7-2-7-4 (MEMS), and tested for their ability to effect cell dispersion. For 0-05% doubly crystallized trypsin (Nutritional Biochemicals), a mixture of 0-05% trypsin and 0-4% collagenase (form II, Koch-Light Laboratories Ltd, England), and 0-4% collagenase alone (8 mg/g wet tissue), the viabilities were 67-5, 55-3 and 93-100% respectively. The 0-4% collagenase main¬ tained this level of viability and good membrane preservation (100% of germinal cells with no disruption of membranes as judged by the electron microscope), but if other commercial preparations were used without further purification the germinal cells were damaged (30^10 % viability).
Cells were counted in a Levy-Hausser counting chamber. Cell viability was determined by exclusion of 0-5 % trypan blue in a 1:1 (v/v) mixture of MEMS and Ca2+-and glucose-free Puck's saline G solution (137 mM-NaCl, 5-5 mM-KCl, 11 mM-KH2P04, 11 mM-Na2HP04 and 0-63 mMMgS04) and also by the ability of the cells to produce lactate aerobically compared with the ability of tissue fragments. Incubations were performed essentially as described by Leiderman (1969) , and Leiderman & Mancini (1968) , except that MEMS without fetal calf serum was used as the medium at 33°C.
Separation. To separate the cell populations, dextran T-150 (Pharmacia, Uppsala) discontinuous density gradients (Text- fig. 1 ) were prepared. The dextran, previously dialysed and freeze-dried, was dissolved in MEMS, pH 7-4. The relative densities of Layers 2, 3, 4 and 5 of the gradients were 10384 ± 00018, 1-0535 ± 0-0016, 10598 ± 00011 and 1-0816 ± 00014, respectively (H20 = 1000). Three gradient-containing tubes were centrifuged in each run at room temperature for 20 min.
Identification. The cells were recovered from each layer and those from equivalent layers of the 3 gradients were pooled, diluted with MEMS and centrifuged at 80 g for 10 min. The cells were then washed with Ca2+-and glucose-free saline G solution and centrifuged at 55 g for 10 min before identification. After fixation overnight in buffered 10% formaldehyde vapour the cells were stained with PAS-haematoxylin and identified by the criteria of Leblond & Clermont (1952) and Clermont (1972) . The population percentages were calculated from the 1000 to 5000 cells counted for each gradient layer. Data shown are the averages of 4-6 different experiments.
To characterize further the cell distribution among the different layers, DNA content was deter¬ mined by the modified micromethod of Giles & Myers (1965) after extraction by the method of Leyva & Kelley (1974) . From these determinations cell recoveries and DNA content per cell were calculated. Diploid cells were assumed to contain 7 pg DNA/cell (Szarski, 1976) . Protein was determined in each washed cell population (Hartree, 1972) .
Electron microscopy. Cells from each cell population were fixed in buffered glutaraldehyde, post-fixed in 1 % osmium tetroxide, dehydrated in ethanol and embedded in araldite (Glauert & Glauert, 1958) . Sections were obtained on a Reichert Om U2 ultramicrotome and observed in a Philips EM-300. At least 100 cells from each population were observed and if there was full continuity of the membranes round the cell it was considered to be 'well preserved'. The identification of the cells from their ultrastructural appearance followed that of Burgos, Vitale-Calpe & Aoki (1970) and Dooher & Bennet (1973) .
Results
Cell recoveries after the dispersion step are shown in Table 1 . The yield per testis was 13 times lower in the younger rats, but it was possible to increase the yield to 29 IO7 cells/g tissue if the tubules were resuspended and centrifuged 8 times more with MEMS after the collagenase treatment. After the gradient separation, the pellet contained erythrocytes and cell nuclei from damaged cells and Layer 1 contained only a few cells. The details of the cells in the other layers are shown in Table  2 . Cell recovery was higher in the 23-than in the 38-day-old rats and the cells were mainly distributed in Layers 2 and 3 (relative densities above 1-0598). Protein recovery was higher than cell recovery in both groups, but was again better in the younger animals. This observation is consistent with the reported fragility of certain germinal cells (André, 1962 Fig. 6 . Pachytene primary spermatocyte. Note condensation of chromatin forming clumps (arrow). The cytoplasm shows groups of mitochondria (M). x6450. Fig. 7. Step 1 spermatid. The prominent Golgi apparatus (G) has given rise to the pre-acrosomic granule (Pg). Mitochondria (M) are present near the plasma membrane. 7850. Fig. 8 . Sertoli cell. Note irregularity and indentation of the nucleus (N). The cytoplasm shows numerous cisternae of smooth endoplasmic reticulum (SER). x7950. Fig. 9 . Leydig cell. In the nucleus (N) there are clumps of chromatin associated with the nuclear membrane. The cytoplasm shows numerous round to ovoid mitochondria (M) with a typical arrangement of cristae and vesicular smooth endoplasmic reticulum (arrow), 8000. (André, 1962) . (Clermont, 1972) , spermatids are obtained in the enriched populations. If older rats are used the flagella and the large numbers of spermatozoa prevent re¬ producible separation of the other cell types.
To perform metabolic studies on isolated cells both their number and integrity of cell structures are important factors. Previous cell separation methods described in the literature have resulted in some germinal cell populations with a lower contamination by other cell types (Meistrich & Trostle, 1975; Davis & Schuetz, 1975; Romrell et al, 1976 ), but these cell populations are often highly diluted and/or the number of cells recovered is not high enough for particular metabolic studies. Electron microscopy of the germinal cell preparations has not always been included (Lam et al, 1970; Go et al, 1971; Meistrich, 1972; Meistrich et al, 1973; Pretlow et al, 1974; Meistrich & Trostle, 1975; Davis & Schuetz, 1975; Grabske et al, 1975) , and it is therefore difficult to compare the degree of preservation of the cellular structures with the various techniques.
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